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1. 环境浓度、长期暴露条件下，DFZ 对海水青鳉代谢转化系统的影响 
分别在 1 ng/L、10 ng/L、100 ng/L 和 1000 ng/L 的 DFZ 浓度下，对海水青鳉
进行了长达 180 d 的暴露，考察了该污染物对海水青鳉代谢转化系统的影响及其
在青鳉鱼体内的富集情况。研究发现：（1）CYP1A1、CYP1B、CYP1C1、CYP3A40
和 CYP27B 基因的表达显著上调，而 CYP3A38 和 CYP27A1 基因的表达显著下
调；（2）脱乙基酶（EROD）活性以及还原型谷胱甘肽（GSH）含量随暴露浓度
升高而显著增加，谷胱甘肽-S-转移酶（GST）活性在 100 ng/L 和 1000 ng//L 暴露
浓度组显著提高；（3）肌肉组中的生物富集系数（BCF）在 10 ng/L、100 ng/L 和
1000 ng/L 暴露组中分别为 149，81 和 25。结果表明，DFZ 的低浓度、长期暴露
会扰乱海水青鳉体内的代谢转化系统以及干扰相关功能性基因的表达，且能够在
肌肉组织中富集。 
2. DFZ 在褐菖鲉体内的累积、分布和代谢规律 
采用浓度为 1000 ng/L 的 DFZ 对褐菖鲉进行 10 d 的暴露，暴露结束后转移
至洁净海水中进行消除实验，分析 DFZ 在褐菖鲉肝脏、肾脏、脑和肌肉组织中
的残留量，并采用药物代谢动力学模型对数据进行了分析。结果如下：肝脏、肾
脏、脑和肌肉中 DFZ 的 BCF 分别为 2172、1506、462 和 78，累积速率 k1 分别
为 112.1~130.5 L/kg.d、109.1~154.2 L/kg.d、21.0~41.1 L/kg.d 和 6.2~13.8 L/kg.d，代
























1 mg/L 的 DFZ 暴露 5 d 后，褐菖鲉肝脏内的代谢中间产物有 3 种，主要代谢途

























Difenoconazole (DFZ), as an important triazole fungicide with characteristics of 
high efficiency and low toxicity to control crop diseases caused by fungi, is gaining fast 
increasing market share in recent years. The broad application and heavy use of 
difenoconazole are leading to aquatic environmental pollution and potentially 
threatening the aquatic ecosystem health. 
In this study, marine medaka was selected and exposed, to evaluate the effect of 
DFZ on hepatic biotransformation system and endocrine system Sebastiscus 
marmoratus was selected to assess the bioaccumulation and biotransformation of DFZ 
through metabolites identification and major metabolic pathway analysys. Research 
contents and results are as the following: 
1. Effect of DFZ on marine madaka biotransformation system under long-term and 
environmental level exposure 
To assess the effects on the biotransformation system and bioaccumulation in 
marine fish, medaka (Oryzias melastigma), were exposed to DFZ (1, 10, 100, 1000 
ng/L) for 180 days. Results showed: (1) The mRNA levels of hepatic CYP1A1, CYP1B, 
CYP1C1, CYP27B and CYP3A40 were up-regulated, but those of CYP3A38 and 
CYP27A1 were down-regulated. (2) The activity of ethoxyresorufin-O-deethylase 
(EROD) and the content of reduced glrtathione (GSH) in the liver were increased in the 
DFZ-treated groups, and glutathione-S-transferase (GST) activity was increased in the 
100 and 1000 ng/L groups. (3) The biological concentration factors (BCF) of DFZ in 
fish muscle at 10, 100 and 1000 ng/L groups were 149, 81 and 25, respectively. These 
results suggested that long-term exposure at low DFZ concentrationswould result in 
bioaccumulation of this compound and disturb the biotransformation system. 
2. Bioaccumulation, distribution and biotransformation of DFZ in Sebastiscus 
marmoratus. 
Sebastiscus marmoratus were exposed to 1000 ng/L DFZ for 10 days，and then 

















the residue and distribution of DFZ in fish organs, and Pharmacokinetic Model was 
used to assay the residue data. Results showed that the BFC were 2172, 1506, 462 and 
78 in liver, kidney, brain and muscle, respectively with accumulation rate 112.1~130.5 
L/kg.d, 109.1~154.2 L/kg.d, 21.0~41.1 L/kg.d and 6.2~13.8 L/kg.d; half-lives (t1/2) 0.7 d, 
1.5 d, 1.5 d and 1.9 d.  
These results suggest that rapid accumulation and depuration of DFZ happened in 
fish organs. High residue in brain would hurt the nervous system of fish.  
3. The abiotic degradation pathways in sea water and biological metabolic 
pathways in Sebastiscus marmoratus 
LC-MS/MS was used to identify degradation products or metabolites of DFZ. Six 
DFZ degradation products were identified in abiotic degradation experiment with the 
mechanism of removal of chlorine atom and hydroxy-substitution from diphenyl ether 
moiety. Three metabolites were discovered in Sebastiscus marmoratus liver in 
biological metabolism experiment. The major metabolic pathway was the opening the 
dioxolane ring through hydroxylation reaction or epoxy hydrolysis reaction. 
 In summary, this study explored the influence of DFZ on fish metabolic system, 
preliminary investigated regulatory gene and related metabolic detoxification enzymes. 
The distribution and pharmacokinetic parameters of DFZ in Sebastiscus marmoratus 
liver, kidney, brain and musle tissue provided reliable data for the ecological risk 
assessment, and provided further research directions on the toxicology of DFZ. 
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